A dwarf nova HV Vir was observed photometrically for eight nights during the outburst in 1992 AprilMay. The star showed two distinct types of periodic variation: (1) 82.20-min (0.05708 d) double-humped variation with decaying amplitudes during the early stage of the outburst, and (2) 83.80-min (0.05820 d) superhumps in later stages. We attributed the former to "early superhumps", which are only seen in the earliest stage of WZ Sge-type outbursts. The superhump period and evolution of the superhumps, together with general characteristics of the light curve, make HV Vir a typical WZ Sge-type dwarf nova. HV Vir also showed a large increase of the superhump period during the superoutburst. Upon the recognition of the WZ Sge-type nature of an object previously considered as a nova, we present a comprehensive list of candidates for WZ Sge-type dwarf novae, and related systems.
1. Introduction
WZ Sge and Related Stars
Although presently classified as a dwarf nova, WZ Sge is peculiar in many respects. The star exhibited three historical outbursts (1913, 1946, 1978) . The light curves of its outbursts resemble that of a fast nova in that they show 1) a rapid initial decline, 2) a subsequent slower decline lasting 60 to 100 d 1 , and 3) large (∼8 mag) outburst amplitudes. From these features, the object had been long believed to be a recurrent nova ( The emergence of a slightly longer period than the orbital period was first noted by te]cite.gui79wzsgeiauc3319Guinan, McCook(1979) ([cite]cite.gui79wzsgeiauc3319Guinan, McCook(1979) However, the period increase was initially considered to be a consequence of the 'nova' outburst. te]cite.boh79wzsgeBohusz, Udalski(1979) ([cite] cite.boh79wzsgeBohusz, Udalski(1979)) first correctly described this period as superhumps, and identified WZ Sge to be an SU UMa-type dwarf nova. The first indication of the emergence of superhumps in reported photometry can be found in te]cite.hei79wzsgeHeiser, Henry(1979) ( There had been several competing theories to explain the peculiar nature of WZ Sge. One is the masstransfer burst model, which was used to explain the largeamplitude periodic humps early in its 1978 outburst (000 [cite]cite.pat81wzsgePatterson et al. (1981) ). The period of the humps was equal to the orbital period (P orb ), and they were considered to reflect the hot spot enhanced by the mass-transfer burst, although the hump maxima occurred 0.17 orbital phase prior to the orbital humps in quiescence.
The (1995) ) assumed the evaporation of the inner disk, and argued that rare outbursts can be caused by a small increase of the mass-transfer rate, without an assumption of the very low quiescent viscosity. This scenario may be considered as a combination of the masstransfer burst model and the disk instability model (see, however, the arguments by te]cite.mey98wzsgeMeyer-Hofmeister et al. (1998) in preparation).
In order to explain this unique feature, te]cite.osa97egcncOsaki et al. (1997) ([cite] cite.osa97egcncOsaki et al. (1997) ) proposed a working model, in which the the disk viscosity in post-superoutburst WZ Sge-type stars are somehow maintained higher than that the pre-superoutburst level.
Although the underlying physical mechanism was not clear ar the time (1998) ) and the decay of magnetic turbulence in the quiescent dwarf nova disk (000 [cite]cite.gam98Gammie, Menou(1998)), the variety of phenomena in WZ Sge-type dwarf novae.
From the observational side, discrimination of the theories has been difficult owing to the rarity of outbursts of WZ Sge. Searches for more "WZ Sgetype" objects (000 [ [cite]cite.dow90wxcetDownes (1990) ; 000 [cite]cite.odo91wzsgeO'Donoghue et al. (1991) ) among dwarf novae have been a natural consequence of the motivation to confirm the universality of the features found in WZ Sge itself. In spite of the efforts, a number of the candidates have turned out to be rather normal SU UMa-stars exhibiting normal outbursts (e.g. WX Cet (000 [cite]cite.odo91wzsgeO'Donoghue et al. (1991) identified the object as a classical nova based on its large outburst amplitude and its light curve constructed from his examination of archival plates. However, we suspected it to be a WZ Sge-type dwarf nova because of its high galactic latitude (l=319.
• 9, b=+63.
• 8, which makes HV Vir a very distant (∼100 kpc), halo or even an extragalactic object based on the usual absolute maximum magnitude vs rate-of-decline (MMRD) relation of galactic novae (originally proposed by te]cite.sch57novaabsmagSchmidt (1957) Livio(1995) ). This suggestion was strengthened by our unpublished CCD photometry in quiescence (1990) which showed possible humps separated by 84±4 m, a period very close to that of WZ Sge (81.6 min).
HV Vir was again caught in outburst at visual magnitude 12.0 on 1992 April 20.928 UT, when the object was still brightening (000 [cite]cite.sch92hvviriaucSchmeer et al. (1992) ).
The outburst was subsequently confirmed photoelectrically with a conspicuous ultraviolet excess, and the maximum was probably reached on April 21.4 at V =11.5 (000 [cite]cite.kil92hvviriaucKilmartin et al. (1992) ). We started photometric observations within a day of the maximum, on April 22, using the multicolor photoelectric polarimeter at the Dodaira Station, National Astronomical Observatory, Japan, and later using a CCD camera at Ouda Station, Kyoto University. This early time-resolved photometry eventually enabled us to elucidate the nature of the object.
Observations

Photoelectric Photometry at Dodaira
The observations were performed with the multi-channel photoelectric polarimeter (000 [cite]cite.kik88DodairaKikuchi (1988) ), attached to the Cassegrain focus of the 0.91-m reflector at Dodaira Station, National Astronomical Observatory. The journal of the observations is summarized in table 1. The time resolution was 35 s, interrupted by measuring the local standard (SAO 119899 = BD +2
• 2664, 13 h 21 m 41. s 6, +02
• 05 ′ 14 ′′ (J2000.0), V =5.69, B − V =+0.06, A2 V) in every 18 observations of the variable. The aperture size was 18.
′′ 0, which was confirmed on the image-intensified TV monitor to large enough to include several times the seeing size. The typical error of a single measurement was 0.02 mag. A very gradual change of the extinction of the sky was calibrated using this local standard, and was interpolated to estimate the magnitude of the variable. Because the observed color was almost constant throughout the runs, we added the counts of the seven color bands covering 360 -800 nm, after correcting for atmospheric extinction in each band, and obtained "white-light" magnitudes to achieve the best signal-to-noise ratio for detecting small amplitude variations.
CCD Photometry at Ouda
The observations were performed with the CCD camera (Thomson TH7882 chip, 576 × 384 pixels) attached to the 0.6-m reflector at Ouda Station, Kyoto University (000 [cite]cite.OudaOhtani et al. (1992) ) for successive six nights from 1992 May 1 through May 6. An on-chip summation of 3×3 pixels (the unbinned 1 pixel corresponds to 1.
′′ 0 and the typical seeing size was 6 ′′ ) were adopted to minimize the readout time and noise. The interference filter which is designed to reproduce the Johnson V -band was adopted. The exposure was set to 60 s. The readout time between exposures was 8 s. Bias frames were taken every ten frames. The typical error of a single measurement was 0.03 mag. The total number of useful frames was 1341.
The summary of observation is listed in table 1. The CCD frames were, after standard de-biasing and flatfielding, analyzed using automatic microcomputer-based aperture photometry package developed by one of the authors (TK). The magnitudes of the object were determined relatively using a local standard star GSC 300.603 located at 13 h 20 m 54. s 80, +01
• 52 ′ 06. ′′ 8 (J2000.0), V =14.11, B − V =+0.56. The synthetic aperture size was 12.
′′ 0. The constancy of the comparison during the observations were not confirmed very satisfactorily (∼0.05 mag), because of lack of suitable check stars in the same field. A long-term variation larger than 0.01 mag was, however, reasonably ruled out by averaging the frames on each night, and comparing with fainter anonymous stars.
Results
The course of the outburst
HV Vir showed a rapid magnitude increase by at least 1.2 mag in 1.011 d prior to the detection of the outburst (000 [cite]cite.sch92hvviriaucSchmeer et al. (1992) There exists an argument against the sharp, initial peak recorded in the past observations. The brightest estimates during the 1913 and 1946 outbursts were photographic ones, which are shown to be systematically brighter than the modern visual scale by more than 0.5-1.0 mag (Kuulkers, private communication prolonged fading tail. −1 is its one-day alias, which can be safely rejected using other maxima times ( (1992)) on Apr. 28 might follow this sequence, but its identity is uncertain. It may be safe to say that the amplitude of 82.20-min periodicity was no larger than 0.05 mag on April 28. This hump feature ("early superhumps", which are humps only seen during the earliest stage of WZ Sge-type outbursts, having periods close to P orb ) will be discussed in subsection 4.3.
Superhumps
After the 82.20-min periodicity decayed, another distinct type of variability appeared in late April, which was first described by te]cite. The same features were independently discovered by us from the Ouda data (figure 6). The superhumps were quite regular in shape, showing a steeper rise and gradual decline throughout our observations (figure 7). The amplitude of superhumps slightly decreased from 0.30 mag on May 1 to 0.16 mag on May 6. The period analysis using PDM yields a period of 0.05820 (4) 
Superhump Period
The presence of two superhump periods (i.e. those of early superhumps and ordinary superhumps) in HV Vir, which were not properly recognized at the time 
The quadratic term corresponds toṖ /P =+5.7(0.6) × 10 −5 . variation to that of WZ Sge also strengthens the similarity of HV Vir to WZ Sge.
Early Superhumps
As described in subsection 3.2 and 3.3, two distinct types of periodic humps appeared in different stages of the outburst. The longer period (83.80 min) is identified by many authors as genuine superhumps from their characteristics of the hump light curves. The similarity of the general light curve in this stage (see subsection 3.1) with those of superoutbursts in usual SU UMa stars also supports this identification.
As described in subsection 3.2, the 82.20-min periodicity showed a rather complex, doubly humped profile, with a narrower minimum.
All 11 ). Since the early-stage modulations in HV Vir bear all characteristics common to other WZ Sge-type dwarf novae, we regard the 82.20-min periodicity as early superhumps.
Since early superhumps are known to have the same or extremely close periods to orbital periods in all wellobserved cases, we propose this period to be the orbital period of HV Vir, although the identification should be confirmed by future radial velocity and photometric observations. The proposed orbital period 0.05708 d (82.20 min) is one of the shortest among well-established dwarf novae.
The resultant fractional superhump excess (ǫ = P SH /P orb − 1) is 2.0%.
This excess corresponds to an extreme mass-ratio (q=M 2 /M 1 ) of 0.1 (000 [cite]cite.mol92SHexcessMolnar, Kobulnicky(1992)).
Delay of the Superhump Development
The superhumps are now widely believed to be caused by the tidal instability of the accretion disks (000 showed that the delay is less than 2 d, suggesting that this star is more related to a usual SU UMa-type dwarf nova). This finding is compatible with the slow growth rate, which has been shown to be proportional to the square of the mass ratio q = M 2 /M 1 (te]cite.lub91SHaLubow (1991a) [cite]cite.lub91SHbLubow(1991b)a,b), expected from the estimated small mass-ratio of HV Vir, and also strengthens the classification of HV Vir as a WZ Sge-type object. Figure 10 presents the relation betweenṖ /P and P SH . While most of long-period systems show the "textbook" decrease of superhump periods, short-period systems or infrequently outbursting SU UMa-type systems (also listed as "large-amplitude SU UMa-type dwarf novae" in table 7 predominantly show an increase of superhump periods. This concentration of positive P dot (1991) ) have been rather unsuccessful because because the search has been confined to known dwarf novae with two or more outbursts. As in the case of HV Vir and WZ Sge, the cycle length of WZ Sge-type stars are very long, and they may have experienced only one outburst in recent years. Although light curves of WZ Sge stars resemble that of a fast nova, making it difficult to discriminate such object from galactic novae, a number of WZ Sge-type dwarf novae are expected among historical records of galactic novae.
Superhump Period Change
A criterion for identifying WZ Sge type objects amongst galactic novae is the rate-of-decline vs outburst amplitude of novae. Fast novae usually show amplitudes greater than 10 mag, which is in agreement with the current picture of galactic novae, having a quiescent absolute magnitude of M V =+4 (000 [cite]cite.war87CVabsmagWarner(1987); 000
[cite]cite.can98DNabsmagCannizzo(1998); 000 [cite]cite.sma00DNabsmagSmak (2000)).
The method is easily applied to fast novae without spectroscopic confirmation, but with measured quiescent magnitudes.
Based on these criteria, and based on a comprehensive study in the past observations of dwarf novae and candidates, we present a new set of promising candidates of WZ Sge-type stars which need to be carefully studied. (table 8) is also given, which have some common properties with WZ Sge-type dwarf novae, or which were listed as WZ Sgetype candidates in the past literature. The existence of superhumps in these systems have been established (i.e. established SU UMa-type dwarf novae). None of these systems, however, were observed to show definite early superhumps.
Some of the objects selected from possible old novae have been observed in quiescence, and are shown to have cataclysmic nature (for example, see 000
[cite]cite.muk90faintCVMukai et al. (1990) ).
Further spectroscopic observations of these objects will allow determination of quiescent mass transfer rate which is expected to be extremely low in WZ Sge stars (000 [cite]cite.osa95wzsgeOsaki(1995)), in good contrast to galactic novae with high mass-transfer rates. Furthermore, photometric observations in quiescence may provide information about their orbital periods. Since all well-studied WZ Sge-type dwarf novae have orbital periods below 2 hr, and may be photometrically selected against galactic novae, which usually have orbital periods longer than 3 hr.
Conclusion
(1) HV Vir, previously recognized as a galactic nova, was observed in outburst in 1992 April -May, first time since 1929. The general features of the light curve, together with its large amplitude (7.7 mag) and long recurrence time (typically longer than ∼10 yrs) closely resemble to those of WZ Sge, an enigmatic dwarf nova, in all respects.
(2) Photoelectric and CCD photometry in April 22 -23 and May 1 -6 revealed two distinct types of periodic modulation: 82.20-min period and 83.80-min superhumps. The detection of superhumps confirms the SU UMa-type nature of the object.
(3) The 82.20-min periodicity was detected only in the earliest stage of the outburst, and soon decayed. Based on striking similarity with "early superhumps" observed in recently established WZ Sge-type dwarf novae, we identified the periodicity as "early superhumps", which likely have an identical period with the orbital period.
(4) The small fractional superhump excess (ǫ = P SH /P orb − 1) of 2.0% implies an extreme (q=M 2 /M 1 ∼0.1) binary mass ratio.
This binary parameter, combined with theoretical models, is compatible with the slow development of superhumps, and satisfies the required condition for the WZ Sge-type phenomenon.
(5) The present success in identifying new WZ Sge-type objects encouraged a further search for analogs in the literature. A new comprehensive list of candidates for WZ Sge-type objects is presented. (1991) ), however, suggested that the object may belong to a large-amplitude dwarf nova.
Unpublished I-band photometry by the authors also indicates a red object. The classification is still uncertain.
24. -Originally discovered as a dwarf nova or a nova in 1940. te]cite.wen90cigemWenzel(1990) ([cite]cite.wen90cigemWenzel (1990) ) suggested it to be a short-period SU UMa-type dwarf nova based on archival plate search. Low outburst frequency (VSNET). The only known recent outburst (short outburst) occurred in 1999 February (000 [cite]cite.sch99cigemSchmeer, Duerbeck(1999); 000 [cite]cite.kat99cigemKato, Schmeer(1999)). te]cite.sch99cigemSchmeer, Duerbeck(1999) ([cite]cite.sch99cigemSchmeer, Duerbeck(1999)) identified a relatively red quiescent counterpart with V =21.66. Likely a large-amplitude dwarf nova, possibly related to WZ Sge-type stars.
25.
-Originally discovered as a nova in M31 (000 [cite]cite.gru59ptandGrubissich, Rosino(1959)). te]cite.sha89ptandSharov, Alksnis(1989) ([cite]cite.sha89ptandSharov, Alksnis(1989)) considered the object to be an SU UMa-type dwarf nova based on the second outburst detection. Three well-documented (1957, 1986, 1998) and two poorly recorded (1983, 1988) are known.
Although te]cite.alk00ptandAlksnis, Zharova (2000) (1990) 192, 193, 194, 195, 196 Remarks to 12. -Originally suggested to be a WZ Sge-type system based on the short orbital period (000 [cite]cite.mis95PGCVMisselt, Shafter(1995) 13. -Large-amplitude SU UMa-type dwarf nova. Also suggested to be a TOAD (000 [cite]cite.how95TOADprocHowell, ). However, the minimum magnitude (22.5p) given in te]cite.kur77kvandkwandKurochkin(1977) ([cite]cite.kur77kvandkwandKurochkin(1977)) seems to be too faint as compared with the DSS 2 image and the unpublished quiescent CCD photometry by the authors, which is listed in the table. The maximum magnitude is from observations reported to VSNET. Outbursts are relatively frequent (a fairly normal SU UMa-type object in terms of its outburst activity and a superhump period), in spite of the large outburst amplitude. 14. 
